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(54) TlUe: ION CHANNEL SENSOR TYPING 



(57) Abstract 

An ion channel sensor detcmiincs the compatibility of blood products from two samples. Blood products are introduced into a 
biosensor cell that comprises an ICS in which the ionophore and membrane spanning lipids (MSL's) present molecules capable of binding 
to cpitopic sites on a red blood cell such that the arrival of the blood cell at the membrane crosslinks the ionophore and MSL and affects the 
ionic cunent through the membrane. The blood products must pass a thin layer of percolation beads to reach the membrane. The preferred 
molecules capable of binding to epitopic sites on a red blood cell are antibodies that selectively bind to glycoprotein molecules that arc 
present on the surface of the red blood cell. In a further embodiment of the present invention the presence of antibodies to multiple epitopes 
on a large antigen is detected by anti-Fc Fab* being attached to both the ion channel and the membrane spanning lipid within the sensor 
membrane. The presence of Abs to a variety of cpitopic sites on large protein Ags is detected by tethering the large Ag or Ag fragment 
to both the MSL and to the mobile outer layer ion channels. The detemiination of the class of an Ab, for example as to whether it's IgG 
or IgM is determined by having the Abs pass through a bead bed labelled with either IgG or IgM molecules preventing the passage of 
bound antibody to the electrode surface and to the reporter antigens. The invention further provides for the determination of the coagulation 
state of a population of erythrocytes by using an array of small diameter (typically 1-100 /i, preferably l0-90#i) gold electrodes bearing a 
biosensor membrane in which the Fab' recognition element was typically anti-glycoprotein. Each electrode is independently addressable 
using a multiplexed array. 
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Ion Channel Sensor Typing 

Field of the invention 

This invention relates to serologic methods and apparatus comprising 
a membrane biosensor for determining blood type and for identifying 
antibodies to epitopic sites on blood molecules or large antigens. Further, it 
relates to the use of a membrane biosensor to determine the immunoglobin 
class of an antibody. 



Background of the invention 

^0 In order to utilise stored blood or blood components for transfusion it 

is necessary to test for compatibility with blood type of the recipient. Blood 
typing is a routine procedure for all blood bank blood and components such 
as plasma or serum. It is generally understood which blood types are 
compatible and which will result in clotting that prevents effective 

15 transfusion. Indeed the infusion of an incorrect blood type into a recipient is 
potentially fatal. Therefore procedures have been developed to test a 
sample's blood cells against a patient's serum or vice versa. The procedure 
consists of mixing the two and observing the formation or absence of 
coagulation. 

20 In a typical procedure glass tubes impregnated with a filtering 

material are contacted at one end with the sample/patient mixture and the 
penetration of the mixture through the filter is observed. In order to quicken 
the process the tube is centrifuged. Inspection of the filter material through 
the wall of the tube is thus indicative of the extent of coagulation and thus of 

25 the incompatibility of the sample and the patient's blood types. 

Procedure have also been developed to detect the presence of 
antibodies to multiple epitopes on a large antigen such as a viral particle, a 
protein fragment from a cell or a virus or an intact cell. A related procedure 
has been developed to detect the presence of Abs to a variety of epitope sites 

30 on large protein Ags. The prior art method employs deposition of the virus 
protein fragment or cell (the antigen) onto the surface of an ELISA cell. The 
patient serum containing the antibodies to a range of eptiopic sites is added. 
Following incubation to allow the binding of Ab to these epitopes the well 
volume is washed of free antibody and a reporter anti-Fc antibody tagged 

35 with an enzyme label is added and binds to the sample Abs which remain 
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attached to the large Ag, by which means the presence of the bound Ab on 
the Ag is detected. 

It is often of clinical interest to determine the species of Ab, as to 
whether it is IgG or IgM, The prior art uses the method just described except 
5 that the tagged reporter Ab is either anti-IgG or anti-IgM. 

Furthermore it is desirable to determine the coagulation state of a 
population of erythrocytes. Currently this is achieved by means of visual 
inspection either by a thin film of blood on a reflecting background or via the 
percolation properties under the action of a centrifugal force. 
10 Biosensors have been constructed comprising biomembranes which 

are a double layer of closely packed amphiphilic lipid molecules. The 
molecules of these bilayers exhibit the random motions characteristic of the 
liquid phase, in which the hydrogen tails of the lipid molecules have 
sufficient mobility to provide a soft, flexible, viscid surface. The molecules 
15 can also diffuse sideways freely within their own monolayer so that two 

neighbouring lipids in the same monolayer exchange places with each other 
about once every microsecond, while the lipid molecules in opposite 
monolayers exchange places on the average of one a year. 

These membranes may incorporate a class of molecules, called 
20 ionophores, which facilitate the transport of ions across these membranes. 

Ion channels are a particular form of ionophore, which as the term implies, 
are channels through which ions may pass through membranes. A favoured 
ionophore is gramicidin A which forms aqueous channels in the membrane. 
Examples of such biosensors are disclosed in the following Internationa 
25 Patent Applications, the disclosures of which are incorporated herein by 
cross reference: 

PCT/AU88/00273, PCT/AU89/00352, PCT/AU90/00025, 
PCT/AU92/00132, PCT/AU93/00509, PCT/AU9 3/00620, 
PCT/AU94/00202, PCT/AU95/00763, PCT/AU96/00304, 
30 PCT/AU96/00368, PCT/AU96/00369 and PCT/AU96/00482. 

The first of these references discloses receptor molecules conjugated 
with a support that is remote from the receptor site. The support may be a 
lipid head group, a hydrocarbon chain, a cross-linkable molecule or a 
membrane protein. 
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The inner level of the membrane may be adjacent a solid surface with 
groups reactive v^ith the solid surface, and spaced from the surface to provide 
a reservoir region as disclosed in U.S. Patent No. 5,401,378. 

Biosensors based on ion channels or ionophores contained within 

5 lipid membranes tethered to or deposited onto metal electrodes are disclosed 
in Australian Patent 623,747 and U.S. patent 5,234.566. Those references 
disclose a membrane bilayer in which each layer has incorporated therein 
ionophores and in which the conductance of the membrane is dependent 
upon the presence of absence of an analyte. The disclosure of Australian 

10 Patent 623,747 (incorporated herein by reference) describes various 

ionophore gating mechanisms termed local disruption gating, extended 
disruption gating, vertical disruption gating, and extended displacement 
gating mechanisms to modify the conductivity of the membrane in response 
to the presence of an analyte. In each of those gating mechanisms an inner 

15 layer of the membrane (the layer closer to the solid electrode surface, if any) 
contains immobilised or tethered half membrane spanning ion channels 
which an outer layer contains more mobile half membrane spanning ion 
channels. One method for immobilising the ion channels of the inner layer 
is to employ a polymerisable lipid layer and then cross-link the molecules of 

20 the inner monolayer and the ionophore. The conductivity of the membrane 
is altered by the extent to which opposing half membrane spanning ion 
channels align to establish a membrane spanning channel for ion 
transmission across the membrane. 

In local disruption gating receptor molecules are linked to mobile 

25 ionophores is the outer layer that are aligned with tethered or immobilised 
ionophores in the inner layer. The introduction of an analyte particle that 
binds to two adjacent receptors in the outer layer causes the disruption of the 
orderly alignment of the membrane spanning ionophore. In the case of local 
disruption gating a loss of conductivity occurs due to the deformation of the 

30 ionophores of the outer layer caused by the bonding of the analyte with the 
adjacent receptors. 

The mechanism of extended disruption gating is similar, except that 
the displacement of the mobile ionophore is greater. In extended dismption 
gating the binding of pairs of receptors to the same analyte particle cause the 

35 outer layer ionophores to move completely out of alignment with the inner 
layer ionophores. 
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The mechanism of vertical disruption gating is also similar. In that 
case the presence of the analyte particle bound to two receptor molecules 
causes a separation of the two layers that disrupts the continuity of the ion 
channel across the membrane. 

The mechanism of extended displacement gating utilises two 
different receptors that bind to each other and are linked receptively to a half 
membrane ionophore and a membrane molecule. The binding of these two 
receptor molecules to each other displaces the ionophore and disrupts 
conductivity. The analyte competes with the second receptor for the binding 
site on the first receptor. The presence of the analyte breaks the bond 
between the two receptors and allows the half membrane ionophores to 
realign and provide an ion conductive path. Each of these mechanisms has 
in common that the binding of the analyte to the receptor molecule causes a 
change in the relationship between two half membrane spanning monomers 
such that the flow of ions across the membrane via the ionophores is allowed 
or prevented. 

Brief Description of the Invention 

The present invention employs in one preferred embodiment an ion 
channel sensor to determine the compatibility of blood products from two 
samples. It has the advantage of simplifying and speeding the determination 
of compatibility of the samples. In a preferred method of the present 
invention red blood cells from one sample together with plasma from a 
second sample comprise an analyte that is introduced into a specialised 
biosensor cell. 

Accordingly in one aspect the present invention consists in a 
biosensor for detecting the coagulation of blood in an analyte comprising 
a container for a blood sample subject to testing, said container 

having 

a volume for holding a sample of blood products subject to testing, 
a first electrode in contact with said sample, 
a second electrode below said volume, 

means responsive to the change of conduction between said 
electrodes. 



a membrane below said volume, said membrane located between said 



electrodes, and having ion channels therein covalently attached to detector 
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molecules at an upper surface that bind to epitopic sites on blood 
components, said ion channels having a conductivity to ions that changes 
upon the binding of said molecules, 

said volume contacting a filter layer between said membrane and said 
5 volume, wherein said blood components if uncoagulated pass said filter and 
contact said membrane. 

In a preferred embodiment the membrane further comprises 
membrane spanning components attached to a second species of molecules 
that bind to sites on blood components, wherein the presence of a blood 
10 component at the surface of the membrane crosslinks the ion channels to 
said second species of molecules. It is further preferred that the second 
species of molecules is the same as said detector molecules. 

The detector molecules and second species of molecules preferably 
bind to epitopic sites on a blood component, and are preferably antibodies to 
15 glycophorin. 

In a further preferred embodiment the membrane spanning 
components are tethered by linking and spacing molecules to said second 
electrode. 

The change in conductivity upon the binding to the membrane may 
20 be as a result of any gating mechanism such as local disruption gating, 
extended disruption gating, vertical disruption gating or extended 
displacement gating. 

Examples of material which can be used in the filter layer are 
wellknown to persons skilled in the field and include the material used 
25 "BioVue" sold by Ortho Diagnostic Systems Inc. 

In a second aspect the present invention consists in a method of 
determining compatibility of two blood samples, the method comprising the 
steps of: 

(1) mixing two blood samples to form a blood mix; 
30 (2) introducing the blood mix into the biosensor of the first aspect of the 

present invention; and 
(3) measuring change in conductance between the two electrodes of the 

biosensor. 

In a third aspect the present invention consists in a method of 
35 screening for the presence of antibodies or antigens of interest in a biological 
sample, the method comprising the steps of: 
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(1) introducing the biological sample into a biosensor, the biosensor 
comprising: 

a container for biological sample subject to screening, said 
container having 

a first electrode in contact with said sample, 
a second electrode below said sample, 

means responsive to the change of conduction between said 
electrodes, 

a membrane below said sample, said membrane located 
between said electrodes, and having ion channels therein 
attached to first detector moieties at an upper surface to which 
the antibodies or antigens of interest specifically bind, the 
binding of the antibodies or antigens to the first detector 
moieties causing a change in the ability of ions to pass through 
the membrane via the ion channels; 

and; 

(2) measuring change in conductance between the two electrodes. 
In a preferred form of this apect of the present invention the 

membrane further comprises membrane spanning components attached to 
second detector moieties to which the antibodies or antigens of interest 
specifically bind, wherein the binding of the antibodies or antigens of 
interest to the first and second detector moieties crosslinks the ion channels 
to the membrane spanning components. 

It is also preferred that the first and second detector moieties are the 

same. 

In one form of the invention it is the presence of antibodies of 
interest in the biological sample that are to be detected and in other 
embodiments these are antibodies directed against red blood cell antigens or 
antigens from a pathogen preferrably from a pathogen selected from the 
group consisting of hepatitis and HTV. 

In another form of the invention it is the presence of antigens of 
interest in the biological sample are detected. These antigens are preferably 
red blood cell antigens or antigens from a pathogen preferably from a 
pathogen selected from the group consisting of hepatitis and HIV. 
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In yet another preferred embodiment the first and second detector 
moieties are red blood cells or fragments thereof carrying predetermined 
antigens. 

In a fourth aspect the present invention consists in a method of 
5 screening for the presence of antibodies in a biological sample directed 

against distinct epitopic sites on the same antigen, the method comprising 
the steps of: 

(1) optionally adding the antigen to the biological sample; 

(2) introducing the biological sample into a biosensor, the biosensor 
10 comprising: 

a container for biological sample subject to screening, said 
container having 

a first electrode in contact with said sample, 
a second electrode below said sample, 
15 means responsive to the change of conduction between said 

electrodes, 

a membrane below said sample, said membrane located 
between said electrodes, and having ion channels therein 
attached to first moieties at an upper surface which bind 
20 antibodies; 
and; 

(3) measuring change in conductance between the two electrodes. 

In a preferred embodiment of this aspect of the present invention the 
membrane further comprises membrane spanning components attached to 
25 second moieties which bind antibodies. 

It is also preferred that the first and second detector moieties are the 
same and are preferably anti-Fc antibodies or Fc binding fragments thereof. 

As will be understood by those skilled in this field it is also possible 
to include further detector moieties attached directly to membrane 
30 components other than the membrane spanning components. Further, as 
will be readily apparent it is possible to use a range of differing detector 
moieties attached to the ion channels and/or the membrane spanning 
components. This may be of benefit where it is desired that a range of 
antibodies or antigens are detected. 
35 As will be apparent in one form of the invention the cell comprises 

an ion channel sensor in which the ionophore and membrane spanning lipids 
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(MSL's) present molecules capable of binding to epitopic sites on a red blood 
cells such that the arrival of the blood cell at the membrane crosslinks the 
ionophore and MSL and affects the ionic current through the membrane or 
implements one of the other mechanisms for affecting ionic current through 
5 the membrane in a measurable manner. The mixture of blood products is 

introduced into the container above a thin layer of preferable glass or plastic 
percolation beads through which the mixture of samples must pass to reach 
the membrane. The percolation layer unlike the prior art is capable of having 
a thickness substantially less than several centimetres. The speed of the 
10 process is accomplished by the rapid diffusion of the blood sample though 
the thin percolation bead layer when no coagulation occurs. The 
discrimination of the device is accomplished by the different abilities 
coagulated and uncoaguiated blood cells to pass through the filter layer to 
the membrane. 

15 The preferred molecules capable of binding to epitopic sites on a red 

blood cell are antibodies that selectively bind to glycophorin molecules that 
present on the surface of the red blood cell. 

In a further embodiment of the present invention the presence of 
antibodies to multiple epitopes on a large antigen such as a viral particle, a 

20 protein fragment from a cell or a virus or an intact cell is detected by anti-Fc 
Fab' being attached to both the ion channel and the MSL (membrane 
spanning lipid) within the sensor membrane. The unbound Ab having been 
selectively scavenged by an excess of anti-Fc antibodies distributed over the 
electrode surface. 

25 The Abs bound to the large Ag is separated from the unbound free 

Abs via a bead through which the unbound Abs can pass more readily than 
the Ab-Ag complex. Through spatially distributing electrodes away from the 
point of sample addition the percolation of the free Ab to the electrodes may 
be separated from the percolation of the large Ag-Ab complex. 

30 In another embodiment of the present invention, the presence of Abs 

to a variety of epitopic sites on large protein Ags is detected by tethering the 
large Ag or Ag fragment to both the MSL and to the mobile outer layer ion 
channels, such that with the addition of patient serum Ab*s to be detected, 
Abs reactive with the epitopic sites on the Ags cause the Ags to cross link 

35 preventing the diffusion of the outer membrane layer of the gA, reducing its 
admittance, thereby reporting on the binding. 
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A further embodiment of the present invention concerns the 
determination of the species of an Ab, for example as to whether it's IgG or 
IgM. In the present invention the Abs are required to pass through a bead 
bed labelled with either IgG or IgM molecules preventing the passage of 
5 bound antibody to the electrode surface and to the reporter antigens. 

The invention further provides for the determination of the 
coagulation state of a population of erythrocytes. The present invention used 
an array of small diameter (typically 1-100 n, preferably 10-90 fa) gold 
electrodes bearing a biosensor membrane in which the Fab* recognition 

10 element was typically anti-glycophorin. Each electrode is independently 
addressable using a multiplexed array. The addition of a sample of 
uncoagulated erythrocytes results in a capture and measurement of a binding 
event at a distribution of the small electrodes reflecting the random dispersal 
of the erythrocytes in the sample. The addition of a sample of coagulated 

15 erythrocytes would result in the measurement of binding at electrodes that 
were non-randomly distributed over the array. The difference in the pattern 
of response to the presence of the erythrocytes across the array reporting the 
state of aggregation of the erythrocytes. A further embodiment of this 
approach would be to employ the array to determine cells of differing size 

20 and surface antigens. The utility in the latter case being the ability to sort 
the population of different cell species within the sample. 

A further embodiment is to use these arrays to may antigenic sites 
over the surface of individual cells. 

25 Brief Description of the Drawings 

Figure 1 is schematic representation of the preferred embodiment of 
the ICS of the present invention. 

Figure 2 is a schematic representation of the elements of the ICS used 
to detect the presence of antibodies to multiple epitopes on a large antigen. 
30 Figure 3 is a schematic representation of the elements of the ICS used 

to detect the presence of Abs to a variety of epitopic sites on large protein 
Ags. 

Figure 4 is a schematic representation of the array of gold electrodes 
in a multiplexed array, 

35 

Detailed Description of a Preferred Embodiment 
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Referring to Figure 1, a biosensor cell 1 is depicted for detecting the 
coagulation of blood in an analyte. The cell is has a volume 3 for holding a 
sample of blood products 5 subject to testing. A first electrode 7 is in contact 
with the sample, A second electrode 9, is below the volume 3, and below a 
5 membrane 11. The electrodes are connected to a voltmeter or impedance 
measuring device 13 for responding to the change of conduction between 
said electrodes. 

The membrane 11 is preferably a amphiphilic bilayer membrane. It 
comprises membrane spanning lipids 15, half membrane spanning lipids 17 

10 and ionophores 19 below the volume 3, The ionophores are preferably 

dimers such as gramicidin A which comprises two monomers that organise 
into the corresponding layers of the bilayer membrane. The membrane is 
located between the electrodes so that its electrical impedance properties can 
be measured by the electrodes. Although so described any arrangement of 

15 electrodes that would permit the determination of the ionic conductivity is 
within the scope of the invention. 

The membrane has its ion channels 19 covalently attached to 
detector molecules 21 at an upper surface that bind to epitopic sites 23 on 
blood components. The ion channels have a conductivity to ions that 

20 changes upon the binding of the molecules 23 to the blood components. 

A key component of the invention is a filter layer between the 
membrane JlI and the volume 3. The blood components if uncoagulated will 
pass through the filter and contact the membrane. 

The membrane preferably also comprises membrane spanning lipids 

25 25 attached to the same type molecules 21 that bind to sites on blood 

components or to a different type. As a result of the binding of two sites on a 
single large blood cell, the presence of a blood component at the surface of 
the membrane crosslinks the upper portion of an ion channels to a membrane 
spanning species of molecules. 

30 Preferably the molecules that binds to the blood cells are an antibody 

to glycoprotein, a fragment of a derivative thereof. 

Various strategies known previously may be used to implement 
varjnng the conductivity if the ionophore. These strategies include local 
disruption gating, extended disruption gating, vertical disruption gating, and 

35 extended displacement gating. Where required by the strategy the membrane 
spanning components 15 may be tethered by linking and spacing molecules 
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to the second electrode 9. In addition the linking and spacing molecules may 
be those known in the prior art to provide an ionic reservoir region. 

Where the present invention has been described in terms of the use 
of blood cells, it should be apparent that the methods and apparatus of the 

5 present invention are susceptible of adaptation to other the determination of 
epitopic sites on other large molecules or cell types. 

Referring to Figure 2, antibodies to multiple epitopes on a large 
antigen such as a viral particle, a protein fragment from a cell or a virus or an 
intact cell are depicted. The sample is introduced as one side of the ICS and 

10 allowed to percolate laterally. The presence of one antibody is detected by 
anti-Fc Fab' being attached to both the ion channel and the MSL (membrane 
spanning lipid) within the sensor membrane. The unbound Ab is scavenged 
by an excess of anti-Fc antibodies extending along the electrode surface. By 
percolation, or diffusion through a bead bed, the Abs bound to the large Ag 

15 are spatially separated from the unbound free Abs. As depicted in the figure, 
the unbound Abs pass through the bead bed more readily than the Ab-Ag 
complex. In this way the bound Abs reach a portion of the membrane 
uncluttered by the unbound Abs. Since the unbound Abs do not cross link 
the ionophores of the membrane, the change in ion current though the 

20 membrane in a cell such as that shown in Figure 1 is due entirely to the 
presence of the bound Ab. 

In this matter tests may be made for the presence of the antibody to 
Hepatitis A virus. Hepatitis B core viral proteins. Hepatitis C virus, HIV virus 
types 1 and 2, HTLV types 1 and 2, p24 antigen, and Hepatitis B surface 

25 antigen. 

Figure 3 depicts the procedures for detecting the presence of Abs to 
epitopic sites on large protein Ags. This method is appropriate whenever the 
Ag fragments are characterised by a unique structure. 

Figure 4 is a perspective view of an array of cells for determining the 
30 coagulation states of a population of erythrocytes. The individual cells are 
constructed as in Figure 1, except that their upper and lower electrodes are 
connected respectively to the side and bottom edges of the array where they 
can be polled to determine the conductivity of the individual cells using 
standard multiplexing electronics. In this manner, the presence of binding 
35 on a scale of a tens of microns is achieved. 
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DETECTION OF ANTI-D BLOOD TYPE ANTIGEN 
METHOD 

1st membrane layer: 9.3nM Gayy (Linker Gramicidin B) (Fig. 5) 

5.5nM MSLXXXXB (MSL-C) (Fig. 6) 
l.luM MSLOH (MSL-D) (Fig. 5) 
37uM MAAD (mercaptoacetic acid disulfide) 
75uM DLP (Linker A) (Fig. 7) 

2nd layer: lOmM (DPEPC:GDPE=7:3) : GaSXB (Biotinylated Gramicidin E 

Fig, 8) = 66,667:1 



Membranes and electrodes were prepared as described in 
PCT/AU95/00763. Briefly, electrodes with freshly evaporated gold (lOOoA) 
on chrome adhesion layer (20oA on glass microscope slides) were dipped 
into an ethanolic solution of the above components, rinsed with ethanol, 
then stored at 4**C under ethanol until used for impedance measurements. 
The slide was clamped into a block containing teflon coated wells which 
defined the area of the working electrode as approximately 16mm^. 

The 2nd layer was added from an ethanolic solution then phosphate 
buffered saline (PBS) was added, and the electrode washed 4 times. 
Streptavidin was added to each well (5|il O.lmg/ml in PBS) and incubated 5 
minutes before washing out excess unbound streptavidin with PBS. Fab' 
fragments biotinylated at the free thiol group (Fab' were prepared from IgG 
antibodies raised against human anti-D blood type antigen) were then added 
(Sjil 0,05mg/ml in PBS) and rinsed with PBS after 10 minutes. Reagent red 
blood cells (3% cell suspension from the "Surgiscreen" kit by Ortho 
Diagnostic Systems Inc) with and without the anti-D blood type antigen, 
were added to different electrodes. A change in impedance was observed 
only in the presence of red cells which possessed the anti-D blood type 
antigen. 

While there have been shown and described and pointed out the 
fundamental novel features of the invention as applied to preferred 
embodiments thereof, it will be understood that various omissions and 
substitutions and changes in the form and details of the device illustrated 
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and in its operation may be made by those skilled in the art without 
departing from the spirit of the invention. 

It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications may be made to the invention as shown in 
5 the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are, therefore, to 
be considered in all respects as illustrative and not restrictive. 
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CLAIMS: 

1. A method of screening for the presence of antibodies or antigens of 
interest in a biological sample, the method comprising the steps of: 

(1) introducing the biological sample into a biosensor, the biosensor 
5 comprising: 

a container for biological sample subject to screening, said 
container having 

a first electrode in contact with said sample, 
a second electrode below said sample, 
10 means responsive to the change of conduction between said 

electrodes, 

a membrane below said sample, said membrane located 
between said electrodes, and having ion channels therein 
attached to first detector moieties at an upper surface to which 
15 the antibodies or antigens of interest specifically bind, the 

binding of the antibodies or antigens to the first detector 
moieties causing a change in the ability of ions to pass through 
the membrane via the ion channels; 

and; 

20 (2) measuring change in conductance between the two electrodes. 

2. A method as claimed in claim 1 wherein said membrane further 
comprises membrane spanning components attached to second detector 
moieties to which the antibodies or antigens of interest specifically bind, 

25 wherein the binding of the antibodies or antigens of interest to the first and 
second detector moieties crosslinks the ion channels to the membrane 
spanning components. 

3. A method as claimed in claim 2 wherein said first and second 
30 detector moieties are the same. 

4. A method as claimed in any one of claims 1 to 3 in which the 
presence of antibodies of interest in the biological sample are detected. 

35 5. A method as claimed in claim 4 in which the antibodies of interest 
are antibodies directed against red blood cell antigens. 
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6. A method as claimed in claim 4 in which the antibodies of interest 
are antibodies directed against a pathogen. 

5 7. A method as claimed in claim 6 in which the pathogen is selected 

from the group consisting of hepatitis and HIV. 

8. A method as claimed in any one of claims 1 to 3 in which the 
presence of antigens of interest in the biological sample are detected. 

10 

9. A method as claimed in claim 4 in which the antigens of interest are 
red blood cell antigens. 

10. A method as claimed in claim 4 in which the antigens are antigens of 
15 a pathogen. 

11. A method as claimed in claim 6 in which the pathogen is selected 
from the group consisting of hepatitis and HTV. 

20 12. A method as claimed in claim 5 in which the first and second 
detector moieties are red blood cells or fragments thereof carrying 
predetermined antigens. 

13. A method of screening for the presence of antibodies in a biological 
25 sample directed against distinct epitopic sites on the same antigen, the 
method comprising the steps of: 

(1) optionally adding the antigen to the biological sample; 

(2) introducing the biological sample into a biosensor, the biosensor 
comprising: 

30 a container for biological sample subject to screenings said . 

container having 

a first electrode in contact with said sample, 
a second electrode below said sample. 

means responsive to the change of conduction between said 
35 electrodes. 
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a membrane below said sample, said membrane located 
between said electrodes, and having ion channels therein 
attached to first moieties at an upper surface which bind 
antibodies; 

and; 

(3) measuring change in conductance between the two electrodes. 

14. A method as claimed in claim 13 wherein said membrane further 
comprises membrane spanning components attached to second moieties 
which bind antibodies. 

15. A method as claimed in claim 14 wherein said first and second 
detector moieties are the same. 

16. A method as claimed in any one of claims 13 to 15 in which the first 
and second moieties are anti-Fc antibodies or Fc binding fragments thereof. 

17. A method as claimed in any one of claims 1 to 16 in which the 
membrane further includes additional detector moieties attached to the 
membrane. 

18. A biosensor for detecting the coagulation of blood in an analyte 
comprising 

a container for a blood sample subject to testing, said container 

having 

a volume for holding a sample of blood products subject to testing, 
a first electrode in contact with said sample, 
a second electrode below said volume, 

means responsive to the change of conduction between said 
electrodes, 

a membrane below said volume, said membrane located between said 
electrodes, and having ion channels therein covalently attached to detector 
molecules at an upper surface that bind to epitopic sites on blood 
components, said ion channels having a conductivity to ions that changes 
upon the binding of said molecules, 



wo 97/15616 ^ ^ PCT/AU97/00014 

17 



said volume contacting a filter layer between said membrane and said 
volume, wherein said blood components which pass said filter contact said 
membrane. 

5 19, The biosensor of claim 18 wherein only uncoagulated blood 
components pass filter. 

20. The biosensor of claim 18 or 19 wherein said membrane further 
comprises membrane spanning components attached to a second species of 

10 molecules that bind to sites on blood components, wherein the presence of a 
blood component at the surface of the membrane crosslinks the ion channels 
to said second species of molecules. 

21. The biosensor of claim 20 wherein said second species of molecules 
15 is the same as said detector molecules. 

22. The biosensor of claim 18 wherein the conductivity to ions that 
changes upon the binding to said molecules is due to local disruption gating. 

20 23. The biosensor of claim 18 wherein the conductivity to ions that 

changes upon the binding of said molecules is due to extended disruption 
gating, 

24. The biosensor of claim 18 wherein the conductivity to ions that 
25 changes upon the binding of said molecules is due to vertical disruption 

gating. 

25. The biosensor of claim 18 wherein the conductivity to ions that 
changes upon the binding of said molecules is due to extended displacement 

30 gating. 

26. A method of determining compatibility of two blood samples, the 
method comprising the steps of: 

(1) mixing two blood samples to form a blood mix; 
35 (2) introducing the blood mix into a biosensor as claimed in any one of 
claims 18 to 25; and 
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(3) measuring change in conductance between the two electrodes of the 
biosensor. 
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